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Detennimng the Going Market Value of a 
Business in an Emerging Information 
Technology Industry: The Case of the 
CeUular Communications Industry 

NAMWOON KIM, VIJAY MAHAJAN, and RAJENDRA K, SRIVASTAVA 



ABSTRACT 

Given the phenomenal growth or the anticipation of growth in certain information technology industries, 
concerns for economy of scale, market access and expansion^ and the need for ongoing research and development 
are resulting in mergers, acquisitions, and strategic aUiances. A key question in such industries is what is» or 
should be the going market value of a business? This paper suggests an approach to imbed market penetration 
models in the popular value-based plannins approach suggested by R^paporx [36] lo obtain the going marker 
value of a business. The model developed in implementing the approach is tailored for the ceUular communications 
iudvstry, Limitatiopfi adaptations of the approach to other industries are discussed. 

Introduction 

Breakthroughs it) information technologies in the last two decades have dramatically 
transformed world culture and facilitated the birth of the mformation age [37]. These 
technologies are influencing business operations, the quality of our work life and the 
quality of home life [16. 22, 28, 35], More than 50% of the U.S. labor force is involved 
in the '^information" sector today, and this sector of the economy is outpacing every 
other sector, including the service sector [5] . Information technologies are revolutionizing 
the current industries (e.g., airline industry), initiating new industries of the futuxe (e.g. , 
cellular communications) [43] and are expected to have major impact on businesses [4]. 
With the implementation of ISDN antegrated Services Digital Network) and development 
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Of multimedia applications of computer technology the markets fnr .«,v, 
communications companies are convert,™- ' • ^"^^^^ computer and. tele- 

Given the ph.nommS^oZTST^T^ ^"'^ ""^''"^ ^^^^ t^^]- 

technology industries. conceSsToJ eco"S^ " ""^"^ ^'^^^^'^'^ 

the need for ongoing esearc^^d devrn3 t ' T^" ^^P^xision, and 

and strategic al^ances [2 ^ A Tey a lon^f^^^^^^ 'T"^' ^" -'l^-^ons 
going market value of a hu^nZ °' '""^^^^ ^e the 

Phone^:^ Although mo..etele- 

due to the limited number of cha.!:re« T^^^sTZTS^ 
a new system that allowed for 'frequency reui" .r^f " ii discovared 
same frequencies could be used ovH^ otr aSn f rfv '""""^ 
severalfold [7K This ne^ technique fort^^d t^ ToS^^ 

as they exist today. These svstemc iin«,=„^ v^uiiurtuon ror cellular telephone systems 
appUca^onandlicLsinTp™^^^ « lengthy 

(FCC). From the 1200 applications originairmed Z FcrT 
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continue forever? WiU prii^rpoXf olf^il he'rf a '^"^^ 
use to describe, estimate, and nroSct Z! ^. ? ^ systematic model that one can 
over time? ' ^^^kei value of a business (price per pop) 
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(A) NUMBER OF SUBSCRIBERS (B) PRICE PER POP PAID IN ACQUISITIONS ■ 
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Fig, 1, Market penetration and market value pattems la the ceUular telecommunications industry. 



This paper is concerned with these questions. Toward this end, the objective of this 
paper is to suggest a model that can be used to study the market value dynamics over 
tune. The proposed model builds on the components of market value (e.g., cash flows 
and projected revenues, cost and investments) to develop a long-run dynamic model of 
market value. Such a model can make long-run value projections and is therefore more 
useful to potential entrants and investors compared to the simpler regression/econometric 
approaches that might be used to make l-year-ahead forecasts. Because th^ price per 
pop value varies regionally, the model is not designed to provide a unique value for a 
particular cellul^ firm. Rather, it provides the "going" value in the indu$t«cy. This value 
provides a bencfunark value that needs to be adjusted for regional" market differences. 
The proposed model has the foUowing distinguishing features: (1) it provides a systematic 
way to examine the relationship between market penetration, cash flows, and market 
value of a business in the long-run as weU as in the short-run, (2) it explicitly considers 
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tnes axe discussed in the conclusion seS of 4: pap^' '"'^"^^^ 
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K7 = risk-adjusted cosi of capital time T. the time the valuation begins; • 
^- T + 7* where r* is value growth duration period; 
aVr^ residual value at the end of the value growth duration, (i.e.. at 7). 

oreselt' c k"'^"^ deceptively simple. Its implementation 

pres^n s problems because the choice of the appropriate risk-adjusted cost of capital, 
estimates of the residual value, and the difficulty in obtaining reasonable forecasts of 

^lZ^nl!7J 'T"' ^ ^^P^i"- assumptions 

JlT t ^""^^^ implemented in projecting cash flows o^er ^bitrary 

value growth duration (typically, 5 to 7 years). Such convenient assumpUons are poten- 
tiaUy troublesome. Fkst. the rate of growth is rarely constant. It depends on the stage 
of the product Ufe^d. and demand/supply dynamics. Second, a value gro'v^'h duration , 
rh? r \ T ! ^"'^'^^ ""'^^ substantial growth potential when implementing 

the shareholder vdue model early in product life cycles because the time to peaJc sale! 
^ rarely less than 10 years- for consumer durables as well as business products andiervices 
Clearly, a nonhnear model capable of capturing both growth of sales and market satura- 
tion can provide superior estimates and diagnostics compared to simplistic models 

Additionally, high values of risk-adjusted cost of capital can lead to undervaluing of 
future events/outcomes because traditional discounting methods provide a geometricJlly 
tZTl^w^T"^ "'.^^'^^'^ ^^'^ • PO. 41] note that decision makers 

f ^Z ll iTT""^ "'^ '"^^'^y ^'^^ oSs in the distant 

future. It. might also be reasonable to expect that both the level and nature of risks 
(e.g., market size and market share uncertainty) decrease over the product Ufe cycle [321 
o^M^' '.T implemented in the marketplace (e.g., adoption 

of ISDN in telecommumcations). risks to both adopters of technology and to investors 
in a company marketing a technological innovation decrease. This suggests that the cost 
of capital can be expected to decrease sequentially over time and should prove to be 
more useful compared to a constant (and high) cost of capital scenario 

We beheve that mawproduct difiusion models or market penetration "models can 
assist m improving cash flow projections over the value growth duration. Such a notion 
to trt°r-^'''f ^'dorsed by Oilman (23] and House and Price [27]. Further, in contrast 
to tradai,onaI discomited cash flow approaches, we aUow the cost of capital to change 
over time as market uncertainty and risks change. This flexibility allows for reducing the 
potential of undervaluing future outcomes (cash flows). These umque modeling features 
(using market ^owth models to project cash flows and flexible discounting to determine 
present value of these future cash flows) can be appHed to most emerging industries We 
demonstrate our modeling approach (summarized in Figure 2) in the next section by 
estimatmg the price per pop in the cellular telecommunications industry. Revenues and 
cash flows in service operations, as summarized in Figure 2, are driven largely by the 
total number of customers (i.e.. cumulaUve adoptions). But. valuation of businesses 
marketmg hardware (e.g.. cellular telephones) is Ukely to be more dependent on new 
adoptions (i.e., sales, not cumulative sales). 

ValuaUon Model for the Cellular Communications Industry 

Given the discussion in the preceding section on the value-based approach, the ques- 
tion now is how this^pproach can be used to assess the going market value of a business 
m the cellular industry. More specifically, how can we use this approach to assess the 
price per pop value over time (as given in Figure 1)? As mentioned earlier smce this value 
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Fig. 2, Driyers of the Yflluatiod model (f same as r in text). 



can vary from market to market, to estimate the going or the benchmark value we assume 
that the entire cellular industry is a single business.' Using the industry-wide market 
penetration data (i.e., Figure 1 A), we project the growth in cellular telephone subscribers. 
The information, coupled with estimates for revenues, costs, and investment per sub- 
scriber, is used to project cash flows. As illustrated in Figure 2, which summarizes the 
value components in the case of the cellular telecommunications service industry* reve- 
nues, costs, and investments are closely linked to the number of subscribers. As discussed 
in the next section, 4'actors omrelated to the number of subscribers such as'lfixed costs 
and investments are less critical determinants of trends or changes in shareholder value. 
Finally, we estimate the market value for the entire industry by using equation (1) to 
discount the cash flows. This value when divided by the potential U-S. market for the 
cellular phones provides an estimate for price per pop. As we wUl demonstrate empnically 
shortly, this approach is effective in capturing the price per pop dynamics depicted in 
Figure 1. 

IDENTIFICATION OF VALUE DRIVERS 

Following Che value drivers identified by Rappaport [36], Figure 2 summarizes the 
specific value drivers for the teJecommunications industry. The functional form of these 
drivers and specification of appropriate parameters are summarized in Table 1 and dis- 
cussed in greater detail in the next section. Figure 2 elaborates on the growth [7t,( 7)] and 
residual [k2(T)] value components of equation (1) for the cellular telecommunications 
industry. Cash flows during any period / (CF, in equation 1) are given by the excess of 
revenues (i?,) over costs (C), which is adjusted by tax rate (x), minus investments (/,). 
Clearly, the going market value will mcrease with an uicrease in cash flows (Rr - 



' Although one might adjust the model parameters to estimate the market value of a specific company in 
a specific geographical market and make additional adjustments to reflect specific strengths and weaknesses of 
the firm if such data were avaUable, this t$ not the focus of this paper. 
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income - C) IS adjusted by the tax raf^^ rv-» J. *v. 
tax [(i?, - - jf)] f y "le tax rate (x) ,o get the net income after 

aa^ptan„ fear, are aile^Bd and u««rtaiMi« (for example, regarding ind^SrT^^ 
* i^^:; ?™P*;jiB«y, marlce. .hares, n^rgins, «c,,L reilved over C vl 
ally, thK pomi IS missed by managers when they evaluate prodiw/business projects in 

.rrrof'^iS^s^" ^ '--^ -'^ Msh.r,s.'sr 

or. ."^^^^^^^^ '""'^^Is assume that there is no growth in value after the value 

'^'"7'^' specification of this period is critical. Too sho^ Tjol2 
auratlou undervalues the potential bv ienorino^ vain-* crx-not-^* ^ u - ^ v^wui 

^ i'vus^iiucu uy Ignoring value generated by increases in cash fiow^ 

(due to a. -crease in subscriber base) beyond the specific duratio^. This wonTd^edalTv 
Lo Jh '"^.^^^^^^^.^^^^ °f i'ldustry^s life cycle because the typical S-shaped 
growth pattern ™phes minimal growth early in the diffiision process For example in 

scnbers Hence, if the value growth duration falls short of time when the subscriber base 

ZZ7^ n ^T^^^^'V' '""^^ ^" underestimation of the residual' V^lue L 

equation 1), which is given by; v^t m 

' K; (2) 

^ZV cTn T'^r"- '^^^^^ ^^^^ time 
r - T i^r-T^ " - '^'^ tte end of this period (i.e.. at time 

f or'th.tr!^^ J^T T ^""^ ■ ""^^ '^'=°S^^«^ ^ the expression 

the lie? °^ "'"^""^^ ^^""'^^ ^"^^^ ^^l* at the end of 

the value growth duration wiU continue indefinitely. 

driver^r^'^''' r'^"' ^'^^''^ incorporated the income tax rate as a value 

34rthiLT fj'^^^^^^^^^alysis we use the maximum tax rates (46% through 1986, 
let! ?J H t r?'' '""^ °^ ^^1^^'ar firms is such that the mcome 

below th^l r """""" ^"'^ '^^'^^ ^" ^^^^^■^°> ^-i'y Any variation 

below the maximum tax rate would simply inflate after-tax cash flows proportionately 
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FORJV4ULATION AND ESTIMATION OF VALUE DRIVERS 
dumber of Subscribers (Nt) 

overtl!,e°"^^ '^"I'^l "^"^ '^P^"^^ g^^^ ^^k^t penetration 

tunctioa. Thi. model was used because: (1) ir is more parsinaonicus than the Bass model 

nfluence (the p Parameter in the Bass model) was not significantly different fron, zTo 
L "^^^^^ ~ ^-^^^'^ of ~ is still iTe S 

Se Bass TnHT f ^ °f ™«ket size as .pgcified by 

ToodlZ L7at T. " -^'sequently, (4) it pfovides a 

has rh. . w i I*"' ^^'^ Technological Subsatution Model [191 

has the cumulative distribution function, ^ 

- 1 

tTe?hat.e?n"rltf7f'r^^^ 

me cnange m rate of adoption over time: 

and /"(r = O) = 0. 

^dM^^JrX the market pot^tial 

^/'lOandMrf;^0/tfrrepresentcumulativeandnewsubscribers,respectivelv Itisrea.or, 

mandTnttl w mT ^'"^^'^ subscribers are influenced mainly by de! 

i^cr'*esTh trrT'\'^;"'^^ «f ^« -t-o' k syttem 

t^e Hs nr e.u h ^'^"'^nal form, however, assumeTthat 

s e^naHo t^^^^ tZTT""" "^'^^ ^^^^^ any time 

li equal to the sum of all previous subscribers. 

As reported in Table 1, using data from January 1984 through Januarv 1991 ^nH 
and^ 0.486) were obtamed via nonlinear regression as recommended by Srinivasan and 

^0.^9^1 uTs1,^!Z\lTZ^^^^^^ ^"'"^ "-"-^ communication. Ma.c. 

in,plen,c„tatbnofZonS;SZ. r ='«'"^« l^"!^' pen«raiion by the year 2000) n,e 
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TABLE 1 

Analytics of Value Qrivrr. (C^n Flow Cn 



Aaalytical formulation 



Parameier 



L Market 
penetration 

M 



(Parameter) 



1 -I- £-(0 ♦ bO 



2. Service revenue or 
price per 
subscriber 

Pt = Pe-"* 

3. Average S(Srvice 

Subscriber 



M = 37.5 million 



• a- —5,246 
b * 0.486 

P = $1,334 
a ==. 0-04S 

H = $333 



4- Investnie^t 
per New 
Subscriber 
AL = y 



y = $S50 



5. Cose of capital 



K ^ 0,24 



Kmin = 0.12 



(Defipition) 

Market size 
(miUion 
subscribers 



•Constant 
Coefficient of 

Initial price 
Race of decrease of 
price 

Initial cost 

Rare of decrease of 
cost^ 



Incremental 
invcsnnem per 
new subscriber 



6 - 0.6 



Constant for 
risk-adjustment to 
cost of capital 



Minimum cost of 
capital 



Rate of decreaiic of 
cost of capital 



Comments 



265 



Market si2e 
specified externally 
based Oft industry 
ti>cpert and reports 

Diffusion parameters 
(a and b) estimated 
from industry data 
through 1991 

Parameters P an(J 
a estimated from 
industry data 
through 1991 

Estimated to be 
approjdlmaiely 259b 
of revenue per 
subscriber and 
assumed to 
decrease at the 
same rate (i-c, 
P a based on 
indxistry reports 

Alt is ass^ed to 
largely consist of 
incremental 
working capital 
and marketing/sales 
expenses (the cost 
of incremental 
network capacity is 
negligible). Tliese are 
estimated ffrojn industry 
data. 

High value of K is 
used to represent 
high initial industry 
risk reflected in the 
cost of capital. 

Kfflb is assumed to 
be approximately 
equal to a risk-free 
rate of 8^0 plus a 
market risk 
premium of 4%, 

5 is determined 
empirically from 
model ftts to the 
data. 
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MARKET VALUE OF CELLULAR COMMUNICATIONS INDUSTRY 

Mean absolute deviaUoo - 0 ofs 1 / = O-^: 

"•"^^ million) for annual periods 

Revenue Per Subscriber (P,) 

per subscriber generated t,om ^T£L'ua«lX '^'^'- ™' "-■'■""«v«,„e 
(most cellular .elephone conipaSief nofSk- otfii^ """"^ '^P""-' 

trying to keep up-front adonBon ii. 1° =iiu'pm«w sales as they are 

bellnked.oexSc^"Si„T'r«'""'*r;^'"™^^ 

companies and ^^^^T 

o, ..cribcrs over Le ,33,. H^rc^rr^ ^ ^ l^r^^iSblf coT^ 

P, = Pe-^ 

(4) 

telephone service (on average less than l%-2%) in the regulated cellular 

LUC lower usage rate (minutes of connection time per month') IpaHi^o- 1« \. ^ 
of approximately 5% per year in the recent ubs^ rS ^ decrease 

. can be attributed to the absence nf JrT ^^P^^- "^'"^"^^ decrease in prices 

could not estimate Ih? epa^^reSr^^^^^^ '^"^V" """" 

because onlv ri»t. « "^P^^^^ ^ttects of fixed charges and usage-sensitive revenues 

esdZed b' '"^'"^^^^ ^^^^ ^^^^We. E^t^Uon 4 when 

estimated based-oh Xj.S. Department of Commerce 1421 data thrrt„'<,h lofi-r , ? . 
reports 1241 therpafffr irioT^o^ . v*iuiici(.c [H^j aata tnrough 1987 and mdustry 

pui IS i^jinereatter, yielded a revenue decay Darameternfrr - rtruQo t 
P = $1 .334 rff' ^ 0 s'^s^ uoc-j ■ , . P''^^™"^'^ or a = 0.048 and mitial revenue 

for,,il%p-,^^rSS;r^a^r^^^^ 

A verage Service Cost Per Subscriber (A C,) 

tL av^age cosVof sutcriSd '"^^^^ "^-^-"ce. If ,ve assume that^ 

we ha^e: ' exponentially due to experience curve effects [12] 

s:d==5r~- 
j~;cp-bj^^^^^^ 

n.r V./ and can be expected to decrease at the sanie rate 

per year as revenue per subscriber (i e- R - j- . "-"^^ me same rate 

•R^^^ • - 7 '■'^DSCTioer (i.e., p = a). Accordmgly, we assume If = 0 25P ~ 

$3j3;5 for the inina cost, and 3 = a = 0 048 ~ 



^6 
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Income Tax Rate fx) 

.n. ""^ ^''""'^ ^''^^^ ^"^""^ ^ '•ates of 46% for 1984-1986 

and 34^0 from 1987 until the present [18] because we model ca.h flows at the industry 
level. Of course, at the company level the tax treatment would depend on the specific 
each ^r"' ^ '^''"'"^ m^xi^mm applicable tax rate in 

A verage Investment Per Subscriber (AI,) 

Investment in the ceUular telephone industry is primarily related to expansion of 
network capacity ^(J ,geo^aphical reach, incremental working capital, arid-marketing 
expenditures to recruit additional subscribers. Because network expansion, working capi 
t^ mcreases, and marketing expenses for new customers can all be linked to the nmnber 
of new subscribers [29, 40] the average incremental investment per new subscriber i, 
given by: 



AI,^y 



(6) 



where 7 is a constant (i.e., investments L = AI, x ^ = yx^. 

dt dt ' 

Due to technological advancements, the cost of incremental network capacity is 
minimal (it is our understanding that current capacity is in excess of demand) . So y largely 
consists of mcremental working capital needs and marfceting/saies costs -which are not 
expected to change unless the nature and intensity of competition change. Our analysis 
«^<vf ^ ^^"^ °f Commerce (1988) [42] reveals it to be approximately 

$800-$900of mvestment per new subscriber (i.e., Yinequation6is equal to850). Although 
this number seems fiigh,beqause cellular firms have been willing to pay high co&missions 
to distributors and have often given away hardware (ceUular phones) in exchange for 
contractual obligations, the reader will note that the amount can be recouped by cellular 
firms m the first year of service provision. 

Cost of Capital {Discount Rate, K,) 

Although previous studies deal with constant discount rates for their profit analysis 
we examme the effects of both constant and decreasing discount rates in our market 
valuation model. Under the later assumption, the cost of capital changes (decreases) as 
we go along the product Ufe cycle. The reader should note, however, that at any one 
point ,n time, the cost of capital K, used to discount future cash flows is constant But 
the cost of capital is allowed to vary as the reference point changes. For example, as 
snown m Figure 5. the cost of capital decreases from 36% m January 1984 to 20% by 
mid-1985. At mid.1985. however, all future cash flows are discounted at 20% . This allows 
for conservative valuations early in the life cycle. A decreasing cost of capital assmAption 
IS reasonable as actual market risk declines over the product life cycle as uncertainties 
related to market size, market share, and competition intensity are mitigat^d-with the 
passage of tune. The assumption is also congruent with the observation that venture 
capital reqmred early in the industry life cycle is expensive, often in excess of 50%. As 
tons estabhsh themselves they are able to raise capital via equity and debt securities. 
The debt cost of capital is often the cheapest (approaching "prime"). Finally, a decreasing 
cost of capital is consistent with the notion of contingent risks as the risk of failure 
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MARKET VALUE OF CELLULAR COMMUNICATIONS INDUSTRY 
decreases with the duration of existence of firmc fr c 

(7) 

where JCr is the discount rate at time r and r x 

can be interpreted as the induwrVc it ^ ^"""^ (which 

5 = 0 results m^a iobsSlt ^cou^t ra^ ^ '''""^ ""^^ ^^ere 

data, as has been the ..TfTZ^Z ZZlZTtl'^'' T T ^^^^^^ 
Rather, the form of iT^and JZ^^lf f '^"^^ '^^^^""^d earlier, 

on the sensitivity of tTect^r e^^^^^^^^^^ - ba.ed 

to these parameters CK, and ^ after we J:Z L^:ZZ™' ^""^^ ^^^^ 

INTEGRATION OF VALUE DRIVERS ESTIMATES INTO THE VALUATION MODET 
Given the estunates of wdividual value drSv^rc t ''^J'^^^J^^^ MODEL 
acontinuous version of the Cket vla^on modlw!^^^^^ ^'""^ 
1). The value [;:(?)] is compo^ of d^t n " ''^ ^-^uation 

r.K7)]andthe2ou„Xs^^^^^^^ 

T is determined by discounting^ fumre 1^ ""^"''''^ '"^"^ ^"^^ ^^'"^ P^"^^ 
the cost of capita] V. Ea^d on^/n components back to the time T at 

and investmems^ C a„^^^ ^^'^'T ^ ^^^^^^"^ revenues, costs, 

wimcnis {K,, c, and I„ respectively) are given by: 



dN, _ dN, 



(8) 
(9) 

(10) 



1,=: AT ^ oN, 
The estimates for ^ i/, a. p. and Y are summarized in Table 1 

"'(7) = \jliR' - Q)(l -x)- I,]e-'^"-^dt 
= (1 - x)^[Pe-^' - He-i>'] N,e-^7<'-y) dt 



\dtj (11) 
and the residua] value discounted to time 7I«2(7)]: ' 

are given by: ^ ' """"^ '° '"I-^ions (II) a,d (12) 
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71,(7) = (] - x)PM ^e-'^T^ 

_^ (1 - X)PM[{- a - + g-te^ft 7)) ^ 

2[1 + e-f-r**?.]! 

<^ ..-1 • ^ . 

- (1 ^ Aj)/fM — -ff-p^'r* 

_ (1 - X)HM[ ( - 3 - + + 67) + ^g-to + 67)] 

2[1 + e-<''**n]2 r*.^ 



[1 + e-o'*"')]* 



(13) 



and 



T T ^ "^^1!^ valuation at any point in time (7) is simply a function of model parkmeters 

Under the decr^mgcostofcapital scenario, jr.decreases with time T. Of course, under 
constant cost of c^ii^ assumptions, Kf = K for all 7. "' » 

SENSITIVITY OF VALUE PROJECTIONS TO MODEL PARAMETERS 

As can be seen from equations 13 and 14, projected values at each time period T 
are a function of researcher/manager suppUed inputs such as the cost of capital m 
and value gro^vth duration (7-). which affect the discounting process. Of course value 
projections are also governed by estitnates of model parameters {M. a, b), (P, a), {H 
siblr'^nnVf "T^^ "^"^'^ penetration, revenue, cost, investment per sub: 
: ^«^"^«A«l^«er (model parameters) are "known" (estimated) 

ne loV;.?^ ^''^"^^ '^^"^P^J'^g Actual price 

per pop paid m vanous mergers and acquisitions to the projected value per pop (obtained 

of^ld'^Tf ''r' ^°^"'^^^°°> ^-^'^ - treatments 

otArand 7^ Subsequently, we examine the potential impact of changes in model parame- 
ers. most notably market potential {M) and rate of decrease of revenues per subscriber 
(a}, on long-term trends in projected value per pop. 

SENSITIVITY OF VALUATION OF.BUSINESS TO COST OF CAPITAL Ai^D VALUE ' 
GROWTH DURATIONS 

am Ji^r^-''" '*'*'f»s'ti^ity Of valuation of business to various combinations of value 
T^l f^'^^ =^Pi»^ ^« investigate the goodness of fit between projected 

market and actual values per pop under three scenarios: (a) fixed cost of capital (K) and 
vanous value growth durations (various 7-s), (b) fixed value growth duration (r* and 
vanous costs of capitals (various Ki), and (c) cotltinuously changing cost of capi- 
tals {Kr as m equation 7) and various value growth durations (various T*s) 
of cank^'rvttf ''"L*?!; ^^^^'^ P^P increases with a decrease in cost 

thatXr^ ^ '^^'^^^ ^ ^^'^ 5 y"'")- also shows 

that there is closer correspondence between the projected value and actual price per pop 

y ars alsTan^^^ 

years (1987 and 1988). this fit is higher for capital costs around 15%. shifting to a better 
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(A) BASED ON DIFFERENT LEVELS OF COST OF CAPITAL 

J/^SSUiyilNG A CONSTANT VALUE GROWTH DURATION 5 YEARS) 
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37 89 89 9Q 

• "^"^^ (NOTED AT BEGfNNINq OF YEAR) 

and projected valueper pVc^S ^mp^^^^^^^ ^ = ^-^2). Again, actual pdce 
appears to be myopic (used shorter ^oXdta^onrT"'^^ '"'^^^^ 
expands the value growth duration oCTewL t T ^ ''^^ ^^"^^ «'^<^ gradually 

and market uncertainties are rSved Lr^^^^^^^ 

34% after 1986. we observe '"^ '"^^^^^ ^^^o ^0 

with the increase in price per pi pa^t f ' ™^ "'^^^l^es up 

Note that it is not Possible to seZte he ^^^ ^^T''^^"^. the same period' 

4A) and increase in value growth^ura Jot ^t'^^^^^^^ ^'^^ ^P^^al (Figure 

are based on market penetration models M^wrext^^^ ^^^^ projections 

per pop may or may not conform to these nrn^^ ^''P;^*^*'^"^ underlying actual price 
straight-line, rather th^. nontar eSZ "^^^ P^°"« "^king 

^'^^-^-^-g the effects ilJratJ^^^^^^^ 
of continuously changing cost of caplvSd 1^ '^"^^ ^P^« 

value growth durations. Figure 5 shows thinn ^ and various 

pop and price per pop for lT.Z^:^^Z::^T 17^"" P- 
^ame cost of capital scenario Kf dec^sT, fr^ n i ^ ^""^ ^ ^° ^^^^^^ case, the 

Thiscost of capital scenario was estfrnTn? ^"^^ 0-^2 iKr - 0.24*-^-«-- + o 12) 
projected value and ac.ua prTce p ^^^^^^^^ ^° ''^"-^^ ^^^^^ b^^-- 

projected value per pop and price nernor^K! '',"^'^''''™^^^^ 

AdditionaUy. the^se o^'o^g^vZ i^^^^^ life 
the hfe cycle. This can be expected becaus^ I.T . *^ later in 

durations are prone to miss theirs wtK \^'^'''^^^P^^yions\y, shorter value growth 
values (..(7)j. '""^ ^^^^'^^^^^ ^ ^"bscribers and hence underestimate reSS 
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92 



service 



. hPtif fi^Tl'' ^ ^^^^'^ ^^"^ growth duration (7^ = 5 years) provides 

Absolute Deviation = 8.3) compared to the more myopic model (7* = 3) as well as 

vate T r^'^^ ^""^^ cost of capitaTan^ 

For Lfm^. duration effects are confounded in the market with growth expe^arions. 
for example, one could increase the minimum cost of capital (0. 12) late in the life cycle 
and simultaneously increase the value growth duration to achieve a similar degree of fi 
between projected value per pop and price per pop ' 

trendf '^f''"f '^'"'^ separate the effects of /f^ and 7- on value, examiriation of 
o^ Jr T^"'-l^^""'^'' of perceived value such as price/earnings P/E) ratios and 
rSL f ''^^^^ i^ights. These are plotted over rime/in Figure 6. 

TnT , i° • . telecommunications service firms grew from less than 20 to about 

P/F rlTf n r,"' V^"'"'' govermnenr security paying 10% interest would have a 

and ^rl p ^"^""'^ ''^^ ^"^^^ ^^"^ P*^^^"^ g^°^th and risk, 

and mcrease of P/E ratios early in the life cycle could reflect both a reduction in perceived 

V !T "^T ^ realization that the market was larger than previously 

untapped market. Figure 6 also shows that the price per subscriber [ = total market value 
n^ber of"T V^*'" ^-bscribers = price per pop X (U.S. population/ 
number of subscribers)] has historically varied in the range of SlO.OOO to $20,000 with 
an average price of SJ4,000 per subscriber. More recently, this price per subscriber has 
otl ''r'""'- increases, so do'es the'total value of Jh" 

company and therefore the price per pop. This appears to indicate that the companies . 
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Fig. 7. SenslUvity of value per pop projecUons to 



market size estimates and service price trends. 



tion increases, they tend to bid up the vie of Se buZ^s --^etpenetra- 

As IS dearly illustrated by Fi-ure 5 value T.Pr r.^^ 
are stilJ increasing. When wm thfJIt/ ^l^^ Projections (and price per pop) 

an externa] specification of mXt S (L ^^^^ °' subscribers was based on 

Of 250 miUion). This esUmSf mav t l^Jf ' °' ^^"^^ U.S. population 

and Lloyd estimate m^^^ZnllTJ^T ''""^ 'T"* technologies (O^eenberg 
networks -ticipatedin theS'pr^^^^^^ " " ^omntunications 

the price of service. These^v res^dt fn ? . "^'"'^^ '^^'^ subsequenUy, 

SimUarly, our analysis of SJifn ^'"^'^ "'^^^^ ^^^^ ^"^'"ates f5] 

decay trL of 4 8^ pefyLr TisTs ^ThT"? ^V^^^^^^ -sealed a revenue 
Industry experts (24] Because o^unl-- " '^'^ ^^e 3%-5% range estimated by 

si^e A/and revenue dec^ra i^ s S^^^^^ ^'"^ P^-^^^ers (market 

in value projections IhLui? ""P''^'^^' ^^^'"^''^ their impact on growth trends 
that revenui peHubfcS^^^^ "° ^'^"^^ - ^^^"-^ 

a = 3). Finally, the S.pac of w^^^^^^ ^-"'^^ C^ -' 

to be minimal ^ the market «s '^'^^ ^"^^"^^^^^ -P^^ted 

ios:(f)rrVurtw:^^^^^^^^^ 

and a (= 4.86% per ye^S ' T„^i: of the U.S. population) 

30 million, or n..: ^.k! llT' " (2) a smaller market size M 

rate of revenue/marg n dec^Les ^^^^^^^^ ^= ^ 1^^- 

g aecreases a (- 3 percent), but the same M 37.5 million). 
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.==£rrr^-— ^^^^^ 

(Af - 50 mmu,n/12%, « - 4.8«%). The reader „„,i„ tH.t the extemalspecSSuoo 

■? >^'™«« « * '» ^juarions 13 and 14 are ST) 

J /.3 miiiion/15'7o, a = 3%) results m a much higher peak value ner nnn ^'s:o';^ It »u 

r^e^rev^r ^^^^ ^ the^on.Udt;eK nl'r^^^^^ 
decrease in revenue per subscnber. Figure 7 provides several insights (e e sensitivi/v^ 

.arketvaluecoreductioninrevenuepersubscriber),whichweexaSlVj;L^^^^^^^ 

Implications for the Cellular Communicatioiis Service Industry 

can b?aTd?iS' ""'^^ " ^'^^ P"^^'^^ 'luestions 

The peneiration-based valuation model developed in this paper successfuUy caoture, 
changes m^alUe per pop during the estimation period (thiu^ W^^^^^ 
Changes m pnce per pop (from marlcet transactions) match up quite Sell ected 

produrt d^s,on model) and trends in revenue, costs, and investaients per subs^ieT 

^tLr^T^"' "^"^ ^^^"^'^ Interestingly. tode p'Sn 

9^ZuiT^^^^ range of S250 to $325 during'ti; period fr~ 

Thc AsIoc£eTu^!\ T^ "^"f "^"^ ''^ '991 at $302 per pop 

ZmiAT^^ . T ''"^""^ ^^^^ P°P ^ ^^Sust 1992. And. in Novem 
teTecrmu'ltL^^^^^^^ ^ — ^ — B in McC^w 

indicate^hlft'heT^T^f i"'"^''' ^ subscribers and price per pop through 1991 
Sfsutscrifer ''^^^^^ "^"^^^ saturated Further, becaus 

eached UnfL^^^^^^^^ stm grc>^ng at an increasing rate, the inflection point has not been 

! !k L' u ^ ^'^^^'^^^ of market size is required 1261 UencT 

tri^'c.ia't 4 '^^^^^^^^ 1990s^epe„ds on 

as the rateTf de^v ff f '"^^ parameters such 

wa^ critictl^n e!?^ of revenues/margins (a). Although the value growth duration (7-) 

l l^ T^ZriZu^'' 1 ^'""^^ '''' '''''' ^^'"^ P'-^j-tions are less sens tive 
to J as growth levels off m later stages of the life cycle. Similarly there shm.lH Ipco 
uncertainty regarding the cost of capital (Kr) later in theTfrc^dl^c^^^^^^^^^^ 
estimated from historical information on security tjrices for firJJf i f 
standard financial models (e.g., Capital Asset ScS^^^^^^ " ^"'"^^^^ "^''^^ 

Sett^rartirf'^r't^^""'^"'^^^'^^'''^ 
, I u ^""^ ^ ''"^'"^'^ *^""e ^ is specified bv the sum of n,(T) and 

?t2(7),which are specified by eauations nanrf M T„rU» • ^J"- sum oi 7t,(/j and 

F """i^^^uaiions 13 and 14. In the previous section we demonstrated 
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graphically examine the trTd ^^^"^^ ^ demoostrat« low 1 ' 
timing of the neak^ , V Projected vaJues aod identify anight 

parameters basedonhis^^Lrdat^^^^^^^^ 
-mpeUt,vepractices.B^t,4,otl,par^^^^^^^ 

FortunateJy their moven^ents are likdy to 4v 'co ' ^ 'competition intensifies. 

As competition increa.es, prices Jd^^n^ZZTur""^^^^ 
decrease. This loss can be offset by .nT^e^JTlT ' 'T'^ ^ '^^'^'^ 
tainty in market size can be exnected tn T J^^^aUy^ incer- 



or with respect to time. Parameters, 

More specific insights for iTxformaiion technology businesses such as cellular tele- 
phone service firms that are based on sensitivity analyses, which were -performed in the 
previous secuon include: 



The peaic value per pop and its timing in the cellular depend on estimates of market 
size and ihe rate of decrease in prices (revenue) per subscriber. The projected value 
eveniuaUy decreases {beyond the peak) because the marginal increase in the number 
of subscribers is o^sei, by,the decrease in margins per subscriber. This typ'ib^lly 
occurs when the number of subscribers approach the market size. 
A reduction of market potential (size) estimate, given existing diffusion patterns 
implies that the value wiU peak both at a lower level (as expecied) and earlier (not 
expected). This is because a larger estimate of the diffusion parameter "b"* will be 
obtained given existing diffusion patterns and a smaller market size estimate (rela- 
tive to a larger market size estimate). 
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MARKET VALUE OF CELLULAR COMMUNICATIONS INDUSTRY ,7, 
• A lower rate of decrease in average revenue per subscriber wiU increase the val„e 

ietL? r f ^^'^^^^^^gy businesses such as cellular rdephon^ ^ s 

betertouselongervaluesrowthdurationstomin^^^ 

matmg the residua] value I(«.(7)I and to capture the most of the JoZ^Z Z 
nhirr^ '""""^ ^ infonnation technology industries such as^el L^' 
«ks of fadure. market size and share uncertaiaties. to a lower level represemW 

u ^^^y t^^J' discount rates reflecting arbitrarv 

One shoufd also note that other factors such as new competitive entries can also 

thu-d cellular firm m each geographical market may have led to a temporary de 
crease m value of the cellular communications business during 1987 

Conclusions and Limitations 

Op phenomenal growth or the anticipation of growth in certain information 
echndogyu,dustries.marketandbusi^^^ 

ship between market penetration and market value of a business. Focusing on the gro^h 
and market value dynamics in the cellular telephone industry. thisTa^f TJZZ^^d 

to the available data, the approach provided a systematic mechanism to understand the 

s^r^n'LT r ""^^ •"'^"^^ ^"'^ ^ '-^'^^^ ^0 h 

n S;^L? ?f r '^"^ t'-^^ ^°del developed 

n this paper couJd be refined to accommodate multiple market segments. For example 

ar^wl^^dv^^^^^^^^ 

cash flows and value components, for business and residential markets. Such disaggregate 

^hel^t^h nl ^ " ^P^'^'^ ^'^^^ ^«^id«nti^ market is in 

tion In^H • ^'^l"'"'' '"^^^ "'""^^^^ ^ <^^der to enhance value gener" 

ate s trate^r" ' m T ^"^^^ ^^^^^^ ^^^^^^^ ^^^^^ -^-est to corpo- 

W ^ ".''^^^^^^ '""'"^"■^^ ^^^^^^S"'" ^ business including possi- 

ati^fa;;^^^^^^^^^^ — ^ ~. uns^ a::d 

.ithn^T'n ^.'^r^'^'^' P^-'Po^^d approach is not without shortcomings First 

TaSe of « h '"^'^"^ adequately in estimating the goin. 

th fir« T""" f ' '"''"'''^ ^« n«=essary if it is to be used at 

^thou'h ^h?'""^ 

does ol '"''"r' P^^^^"*^ niarket value of a particular business, i 

does provide miportant indicators of comparison for such businesses. Clearly va^ue 
projections for a specific cellular service company would have to be fine-tun^d io^k 

"haTe 3'^^' ^ <^^--> competitive intensity in" each market ^ 

market share, and specific strengths and weaknesses relative to the competitor. 
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smg^ZLfnl"7f"l' the vaiuation'approach is appUcable oaly to 

single cusmess firms. If. however, acceptable procedures can be aereed on m th. , i 

a decII'as^in'lriT^r ' growth may be fueled by 

tirit Ts fl^i^ / P"'' ^"b^'^riber). Which may increase the market potent 

^»"'*.'''>=mo'lsl<lo«nplincorporatelheeffeasofotherdemenlsofthem«l,.rin, ' 
irauon and usage, and, consequently, value. 

Fifth the model does not incorporate factors affecting customer retention which 

t' tnt^. i r^''^''^ '° competitors (i.e., churning) are beginning to grow 
in iraponance and are depressing earnings [34]. 

such as digital PCNs, which while increasing the cost of cellular phones (equipment) to ' 
customers may result in lower monthly service fees as more lines can be pacSTn^the i 

of reality Its accuracy ^ conditional on the stability of environmental conditions 

Fmally, the model development in this paper was tailored for the cellular phone i 
TT' .^T""''"" ^""^^^ ^ Can it be adapted to other 

W^'^'ldt V^^- infonnation technology industries such a^ cable 

1 V and Jong distan^ t^lecpmmunication, the value of businesses is evalua^ba on the ' 
InnL ^. contribution per and potential subscribers. For such appUcations, the 
^proach suggested m this paper is appropriate. Although not considered in this paper, 
such apphcations may mcoiporate scenarios in which the size of the market is influ«aL 

^ deZit's °^ "^^'^^^^^'^ ^^^-'^^ 

In conclusion, we believe that the proposed approach is also applicable to other 
'^ttr '"'"'"f ■ the profitability and the value of a business 

ll^l nT ^ °' anticipated penetration of the product or the business (e.g., 
growth of number of stores and the market value of a retailing institution). Exploration of 

plannjng and rnanageinent. ^ 
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